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Appendix
A minor shortcoming of this theory is its inability to describe plasma equilibria with a finite pressure, and equilibria with a current density that falls off rapidly towards the metal wall. To the latter problem a number of solutions have been proposed (ORTOLANI, HASEGAWA, SCHOENBERG (1984». In some of these solutions, the role of a vacuum layer between the plasma and the wall is acknowledged without, however, incorporating this layer into the variational principle. KONDOH (1985) simulated the layer of enhanced resistivity near the wall by generalizing the helicity invariant to ff(~)A.B dr, where ~ is the poloida1 magnetic flux and f(~) a function gradually decreasing from 1 at the centre of the plasma to 0 at the wall.
On the contrary, in our work f(~) steps down from 1 inside the plasma to 0 in a vacuum layer surrounding the plasma. This choice enables us to treat a free-boundary problem, in which the position of this boundary is varied along with the other quantities in the variational principle. The total magnetic energy (plasma+vacuum) is minimized subject to the plasma helicity and other constraints, necessary to let the occurring boundary terms in the principle vanish.
The first variation of the energy, put equal to zero, yields the equilibrium states. This part of the analysis has recently been published elsewhere (CENTEN et al., 1986) and is therefore dealt with rather briefly.
The accent lies on the full investigation of the stability of the equilibrium states by means of the minimization of the second variation derived by v&~ HOUTEN et al., (1985) .
In Section 2 the model is described, after which the first and second variation are derived in Section 3. The accessorial problem (minimization of the second variation of the magnetic energy) is solved for periodic (m and/or k~O) and symmetric modes (m~k-O) in Section 4. Finally, in Section 5, numerical results and a discussion are presented.
THE RELAXATION MODEL
We 
the poloidal cross-section of the vacuum, and the toroidal cross-section of the vacuum (e.g. in the median plane), respectively.
The toroidal geometry calls for an additional constraint, the flux through the hole of the torus (REIMAN, 1981) ,
where Sh is the cross-section of the hole of the torus and C is a contour mt on the metal wall encircling the hole.
Furthermore, there are a number of boundary condi tians. First I we have the continuity of the magnetic pressure across the plasma boundary r : p
The vector potential can be taken continuous across the boundary r : p
Finally, since the plasma boundary and the metal surface are flux surfaces, we have 
The terms are re-arranged as follows:
The first integral I, in Eq. (15) is partially integrated:
where the result that OA p8 and 5Apz can be considered real has been 
The fourth integral I, in Eg. (15) is partially integrated to give
As in the first integral I, in Eq. (16), functions of a+5a are ex- We obtain the result (20) The fifth integral Is in Eq. (15) 
We substitute the integrals in Eqs (17), (18), (20) and (21) proportional to e :
Euler equations:
VxB P AB . 
symmetric equilibria with pertur- 
Next we consider the second variation 6 2 F derived in Section 3, Eq. (25). Since the perturbation 6A in the plasma is arbitrary, we must find the minimum value of 6 2 F (accessorial variational problem). To this end we define the Rayleigh ratio R A : criterion can now be written as
We use the shorthand notation y for 6A and g -Vxy for 6B. The maximum value of RA is determined by putting 6R A ~ 0:
The last term between square brackets can be reduced as follows
In the vacuum we have VxVxy -0 and oy -0 on the wall at r -b
Therefore, we obtain of t (oBV)2dT --f{oyx(vxy)}ods a . 
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T. The Euler equation in the plasma:
Vxvxy -oVxy -0 .
II. Surface condition on the plasma boundary: (40a)
The Euler equation (38) can be combined with g -Vxy to give after integration:
From Eqs (40) and (41) then follows: (32), (CS, 7, 10, 12) [combined with the solutions (31), (42) and (B2 ,4) 1 and the surface condition (39 (5B )2dT .
v and the introduction of a Rayleigh ratio R A : -a->. 
The determinant Ibijl put equal to zero yields the required function a(A). According to Eq. (52) the marginal stability is determined by putting aU) ~ A.
DISCUSSION AND NUMERICAL RESULTS
In the absence of zero-order surface currents, the marginal form of
Eq. (46), when Q is replaced by A, is also found from a resistive mode anal- can be arbitrarily large and negative by having r just inside the plasma s boundary (provided ~O), implying instability.
We start the numerical results with a presentation of a: VB ..\ plots according to Eq. (46) for various values of P -b/a. We restrict our analysis to a model without zero-order surface currents on the plasma-vacuum interface. Equation (46) then reduces to
and ( -23 -Its numerical evaluation is shown in Fig. 7 for three values of p:
fi -1.00 (Taylor), 1.25 and 1.50. If we move from left to right, the first crossing of a particular Q: vs ..\ curve with the line cr ->. determines the critical value of A at which the instability sets in. This critical value if plotted vs {3 in Fig. 8 . We observe that even this mode becomes more unstable as the vacuum layer grows thicker. ,.
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